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Abstract: This study was conducted to investigate the effects of bitter melon 
(Momordica charantia L.) powder on the dark bread quality characteristics. The 
bitter melon powder was blended with dark wheat flour at different levels: 1.5%, 
2%, 2.5% and 3% for preparing bread samples. Physical-chemical, antioxidative, 
and sensory properties, were studied. By increasing bitter melon powder content in 
bread increased ash, protein, and fat content were recorded. With respect to the 
specific volume of the bread, a slightly decrease with the increased level of bitter 
melon powder was found, without affecting the quality characteristics of the bread. 
Also, the addition of BMP led to a decrease in the total carbohydrate content for 
dark bread with the 3% bitter melon powder. Moreover, the addition of 3% BMP 
registered a positive influence on the total phenolic content and on the antioxidant 
activity of bread. The nutritional and sensorial results of the present study 
demonstrated that 2.5% BMP could be added in the bread manufacturing without 
affecting the bread aftertaste, offering promising healthy and nutritious alternative 
to consumers. 
 





Throughout the world, a variety of plants have been used as 
vegetables but also as medicines since ancient times. The high content of 




flavonoids, proteins, minerals and dietary fibers contributed to the increase 
in vegetable consumption (Sorifa, 2018; Cefalu et al., 2008). Jia et al., 2017, 
reported that the combination of medicine and vegetable usage has made 
Momordica species popular for thousands of years. Momordica charantia, a 
valuable plant, belongs to the Cucurbitaceae family, it is commonly known 
as bitter gourd, balsam pear, bitter melon, kugua or karela (Habicht et al., 
2011). The generic name “Momordica” comes from Latin, meaning “to 
bite”. This aspect refers to its leaf with serrated edges which look as if bitten 
(Subratty et al., 2005). Bitter melon (Momordica charantia L.) has been 
used traditionally as a medicinal food in many developing countries. It is a 
tropical fruit but successfully acclimatized by Romanian vegetable 
researchers. The exotic fruit, also called "plant insulin", is used by 
companies in the pharmaceutical industry for the treatment of diabetes. It 
contains vitamins, minerals, flavonoids, and it is a good source of phenolic 
compounds, particularly gallic acid. Bitter melon also contains a variety of 
other bioactive compounds, especially saponins, peptides, and alkaloids. 
Tan et al., 2016 reported the pharmacological effects of bitter melon: 
anticancer, antiviral, anti-inflammatory, analgesic, hypolipidemic, and 
hypocholesterolemic effects. Furthermore, the authors present numerous 
studies that have been conducted on the effectiveness of fresh, juiced, or 
dried bitter melon in diabetic animals and in type 2 diabetic human subjects 
(Grover and Yadav, 2004; Harinantenaina et al., 2006; Dans et al., 2007; 
Joseph and Jini, 2013; Xu et al., 2015; Sinha et al., 2020; Nascimento et al., 
2021). 
Due to its properties, bitter melon is consumed regularly as part of 
several Asian cuisines, but in recent years, it is used in various dishes in 
other countries too. The fruit or leaves are cooked alone as a vegetable or 
added in small quantities in different culinary preparations for a slightly 
bitter flavour. Sometimes the fruits are pre-boiled first with a little salt to 
remove some of the bitter flavourings. Also, the fruits can be dried or 
pickled for use all through the year, and the leaf and fruit extracts are also 
drunk as juice or tea (Subratty et al., 2005). Moreover, bitter melon 
(Momordica charantia L.) powder has been successfully used in cookies 
and muffins, improving their biologically active value (Lyoung and Choi, 
2014; An, 2014). 
Bread is a popular food and a key element of the diet in many 




reduction of bread consumption for a large category of consumers, 
especially people suffering from various diseases (diabetes, cardiovascular 
disease). However, most people can consume this product if they choose the 
right kind of bread. Thus, making bread with dark flour and with specific, 
diabetes-friendly ingredients can help reduce the impact that bread can have 
on blood sugar levels. In this regard, bitter melon powder, due to its 
properties, can be used in bread. Thus, the purpose of this study is the 
assessment of the quality of dark bread obtained at four levels of added 
bitter melon powder (1.5, 2%, 2.5% and 3%). 
 
Materials and methods 
 
Procurement of raw materials 
All the raw materials were purchased from specialized stores in Cluj-
Napoca, Romania. A commercial wheat flour type 1350, (Boromir, Deva, 
Romania) with an ash content of 1.35% by SR 877:1996 (according to 
Romanian classification), with 13.2 % moisture and 26.9 % gluten content 
was used. Bitter melon powder is originating from Oradea, Romania. The 
bitter melon powder (BMP) was blended with wheat flour type 1350 in 
different portions (1.5, 2%, 2.5 and 3%) for producing bread.  
 
Experimental plan 
The experimental plan used for the present research is given in table 
1, while table 2 shows the different combinations of bitter melon powder 




S. No Parameter Level Description 
1. Materials 5 
Dark wheat flour, bitter melon 
powder, salt, yeast and water 
2. Samples  4 
BMPB 1.5%; BMPB 2%; BMPB 
2.5%; BMPB 3%;  
3. Analysis  4 
Physico- chemical analysis of the 
wheat flour and bitter melon powder; 
Physico- chemical analysis of the 
bread samples; Total phenolic content 









Treatments descriptions. Different blends of wheat flour and bitter melon powder 
for bread manufacturing 
Treatment  Wheat flour (WF), % Bitter melon powder (BMP), % 
BMPB 1.5% 100 1.5 
BMPB 2% 100 2 
BMPB 2.5% 100 2.5 




Experimental bread was obtained from wheat flour blends 
containing wheat flour Type 1350) and 1.5, 2%, 2.5% and 3% of BMP. The 
bread dough was obtained in a laboratory mixer by kneading 1000 g flour, 
15 g iodized salt, 25 g fresh yeast (Pakmaya Yeast Rompak, Romania) and 
water 650 ml for bread with 1.5% BMP (BMPB 1.5%) and 654 ml, 659 ml, 
665 ml respectively for bread supplemented with bitter melon powder 2%, 
2.5% and 3% (BMPM 2%; BMPV 2.5%and BMPB 3%) (Fig. 1). After 
kneading ca. 8 min, the dough was fermented at 30ºC for 60 min, then 
divided into 250 g portions and placed into non-stick baking trays. The 
dough was then proofed for 40 min at 35ºC and 85% relative humidity in a 
proofer (Zanolli Teorema Polis 3 PW, Italy), and baked immediately in a 
preheated oven (Zanolli Teorema Polis 3 PW, Italy), with top and bottom 
heat, at 220ºC, for 35 min. The oven was pre-steamed before and again after 
putting the bread in. 
 
 





Proximate Composition Analysis  
The chemical characteristics were carried out according to AACC 
(2000) Approved Methods. Moisture (44-15.02), lipids (30-25.01), ash (08-
01.01), crude fiber (32-07.01) and protein were measured using the Kjeldahl 
method (46-11.02), nitrogen to protein conversion factor was 5.7. Total 
carbohydrate (%) content was calculated as the difference: 100 - (moisture + 
ash + proteins + lipids) method reported by Tamiru Kasaye, 2015 and also 
by Man et al., 2021. Two hours after baking, the loaves were weighed, and 
bread volume was determined according to AACC Approved Method 10-
05.01 procedure. The weight of the bread was taken using a digital balance. 
The bread volume was determined by the seeds displacement method. The 
volume of seeds displaced by the loaf was considered as the loaf bread 
volume. Specific volume (SV) of bread was expressed as the volume/weight 
ratio (cm3/g) multiplied by 100 of the finished bread Man et al., 2019. The 
quality parameters of the bread samples: porosity and elasticity were 
determined according methods described by SR 91:2007 (Romanian 
settlement). 
 
Total Phenolic Contents 
The methanolic extracts were obtained by triplicate extraction of 2 g of 
each BMPB sample, with 60 mL of acidified methanol (85:15 v/v, 
MeOH:HCl) according (Farcas et al., 2021). After filtration under reduced 
pressure, the total extracts were evaporated in a rotary evaporator (Heidolph 
Instruments GmbH& Co. KG, Schwabach, Germany) and recovered in 10 
mL methanol. Millipore filters (Millipore, Merck KGaA, Darmstadt, 
Germany) were used for sample filtering. Total phenolics content of the 
extracts was determined spectrophotometrically (Folin–Ciocalteu method) 
as described by Chiș et al., 2018. Thus, in a 100 mL volumetric flask, 10 
mL of methanolic extract was mixed with 5 mL of Folin-Ciocalteu’s 
reagent; 5 mL of 7.5% sodium carbonate solution was added. Distilled water 
was used to fill up the flask until the graduation marking. Samples were 
kept in the dark for 90 min, and then, absorbance was read at 760 nm on a 
model 1700UV/VIS spectrophotometer (Shimadzu Scientific Instruments, 
Kyoto, Japan). 
 




The radical scavenging activity was determined 
spectrophotometrically by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
method as described by Păucean et al., 2019. The phenolic extracts (0.1 mL) 
were mixed with DPPH solution (3.9 mL), kept in the dark at ambient 
temperature for 30 min. The absorbance of the mixtures was recorded at 515 
nm (1700 UV/VIS spectrophotometer Shimadzu) against a methanol blank. 
Negative control was prepared using 0.1 mL methanol and 3.90 mL of 
DPPH. The radical scavenging activity was calculated as a difference 
between DPPH absorbance and the sample absorbance, dived by DPPH 
absorbance and multiplied by 100. 
 
Sensory evaluation 
The sensory characteristics of bread were evaluated by 35 trained 
sensory panels, from the Faculty of Food Science and Technology between 
the ages of 18 and 55 years old (age 18–25, 57%, age 26–55, 43%), 77% 
female, 33% male. The panellists were selected based on their regular dark 
bread consumption, availability, and their interest. The panellists were asked 
to evaluate colour, aroma, taste, flavour, texture and overall acceptability of 
the samples on a 9-point hedonic scale, ranging from 9 as like extremely to 




The results of three independent (n=3) assays performed with 
replicates each were expressed as means ± standard deviations. Data were 
analysed by one-way Analysis of Variance (ANOVA). 
 
Results and Discussion 
 
Chemical composition of wheat flour and bitter melon powder 
The mean values of chemical composition of wheat flour and bitter 
melon powder are presented in table 3. 
The nutrient potential of bitter melon powder is due in large part to the 
high content of ash. In the current work, it was noticed that the ash content 
of bitter melon powder is about 7.2 times higher than that of wheat flour. 
Also, the lipid content of bitter melon powder is 1.98 times higher than that 




beneficial for health since BMP can provide important amounts of calcium, 
magnesium, iron and zinc (White et al., 2021) as well as unsaturated fatty 




Chemical composition (%) of wheat flour and bitter melon powder 
Parameters Wheat flour 
Bitter melon 
powder 
Moisture, % 13.20±0.26 4.85±0.17 
Protein, % 10.20±0.14 10.84±0.26 
Ash, % 1.35±0.05 9.67±0.08 
Fat, % 1.07±0.14 2.12±0.16 
Total carbohydrate (%) 74.18±2.37 72.52±2.42 
TPC (mg GAE/100g) 137.88±0.05 1575.2±0.06 
DPPH (%) 32.17±0.09 43.37±0.04 
Values expressed are means ± standard deviation; 
 
Moreover, the results of this study show that bitter melon powder has 
a very high content of total phenolic compounds. Study by Wu and Ng, 
2008, suggested that the antioxidant and free radical–scavenging properties 
in the extracts of bitter melons could be attributed to flavonoids and other 
phenolic compounds. However, other Horax et al., 2010 and Kubola and 
Siriamornpun, 2008 studies have shown that the antioxidant activity varies 
in the different parts of the bitter melon and at their different maturity stages 
with the latter most likely affected by the increasing content of the 
carotenoids as the melons ripen. Also, the highest amounts of total phenolic 
compounds in the bitter melon did not always result in the highest total 
antioxidant activities. A value of 1575.2 mg GAE/100g was recorded for the 
bitter melon powder compared to wheat flour which has a value of 137.88 
mg GAE/100g (Table 3). DPPH radical scavenging activity of the wheat 
flour was 32.17%, whereas the bitter melon powder recorded an 11.2% 
higher value (43.37%). 
 
Physico-chemical properties of loaf bread 
The effect of bitter melon powder addition on bread quality parameters 




Regarding the results shown in table 4, a slight decrease in specific 
loaf volume was observed at all the levels of BMP supplementation (from 
232.7 cm
3
/100g to 225.6 cm
3
/100g). Maximum reduction in loaf specific 
volume was observed in case of 3% BMP supplementation level. This may 
be due to the dilution effect on gluten content with the addition of gluten-
free flour to wheat flour and consequently, a reduced capacity of the dough 
to retain the fermentation gases. 
 
Table 4 





BMPB 2% BMPB 
2.5% 
BMPB 3% 




232.7±0.65 229.7 ±0.46 227.4±0.56 225.6±0.89 
Crumb porosity, % 66.7±0.45 66.7±0.71 66.8±0,75 66.8±0,56 
Crumb elasticity, % 89.3±0.53 89.4±0.42 89.4±0,67 89.5±0.34 
Moisture, % 36.00±0.14 37.02 ±0.21 37.99±0.27 38.79±0.18 
Protein, % 10.52 ±0.19 10.67 ±0.11 10.82 ±0.14 10.94±0.06 
Ash, % 2.85 ±0.22 3.33±0.08 3.86 ±0.17 4.26±0.23 
Fat, % 1.37 ±0.17 1.42±009 1.50±0.16 1.57±0.22 
Total carbohydrate, % 49.26±1.29 47.96±0.94 46.63±0.75 45.77±1.37 
TPC (mg GAE/100g) 140.22±0.77 143.02±0.82 145.31±0.07 147.09±0.87 
DPPH (%) 25.77±0.54 26.06±0.72 27.84±0.09 28.04±0.22 
Values expressed are means ± standard deviation; 
 
Rosell et al. (2010) and Man et al. (2019) argued that the existence of 
dietary fiber diluted the protein and interfered with the optimal gluten 
matrix formation during dough mixing. The dilution of gluten, and the 
interactions among fiber components, water and gluten are the two 
mechanisms considered as causing reduced bread volume (Collar et al., 
2007; Man et al., 2015; Man et al., 2019). However, the crumb porosity and 
crumb elasticity of the bread was not affected by the addition of bitter melon 






Figure 2. Sections of the obtained wheat-bitter melon powder bread samples 
*BMPB 1,5% – bread with 1,5% bitter melon powder; BMPB 2% – bread with 2% 
bitter melon powder; BMPB 2,5% – bread with 2,5% bitter melon powder; BMPB 
3% – bread with 3% bitter melon powder. 
Moisture content for bread increased with the fortification by bitter 
melon powder from 36.00% in the case of the bread with 1.5% BMP to 
38.79% for the bread with 3% added BMP, which can be attributed to the 
high-water binding capacity of the bitter melon powder. The ash content in 
wheat bread increased significantly (p<0.05) with the amount of substitution 
of BMP, registering an increase of 1.5 times higher. The bread fortified with 
3% BMP had significantly higher ash content, due the high ash content of 
the bitter melon powder (9.69%). Regarding the bread protein content and 
the fat, in relation to the BMP addition, there is a directly proportional 
increase between these parameters and the percentage of BMP incorporated. 
By increasing the addition of bitter melon powder from 1.5% to 3%, the 
protein contents increase slightly from 10.52% for BMPB 1.5% to 10.94% 
for BMPB 3%. Also, the fat content slightly increased from 1.37 to 1.57%. 
Increasing the ash and protein content is beneficial for health since bitter 
melon powder can provide important amounts of inorganic minerals such as 
phosphorus, potassium, calcium, magnesium, sodium, iron and zinc (Islam 
et al., 2011; Sorifa, 2018). Bitter melon also contains different types of 
amino acids such as glutamine, asparagine, glycine, lysine, alanine, leucine, 
valine, arginine, proline, serine, isoleucine, phenylalanine, tryptophan, 
histidine, threonine, methionine (Islam et al., 2011; Sorifa, 2018). Total 
carbohydrate decreased as the BMP was added (Table 4), due to the higher 
content in ash, protein and fat, of the bitter melon powder, compared to 
wheat flour, resulting in a final product enriched in all these compounds. 
Moreover, bitter melon is considered a significant source of different 
bioactive compounds. Thus, phytochemicals including polysaccharides, 
flavonoids (catechin and epicatechin), triterpenes, saponins, ascorbic acid, 
gallic acid, gentisic acid, caffeic acid, chlorogenic acid and steroids have 




of bread samples increased with the added level of BMP to WF in the 
blends. The highest increase in DPPH activity and TPC was exhibited by 
sample BMPB 3% (28.06% RSA and 147.09 mg GAE/100g) and the lowest 
(25.77% RSA and 140.22 mg GAE/100g) was shown by the sample BMPB 
1.5%. Similar results have been obtained by Lyoung and Choi, 2014 and 
An, 2014 who investigated the effect of the bitter melon powder (up to 9 – 
12%) on the quality of the cookies and muffins. For DPPH radical 
scavenging activity, the cookies containing bitter melon powder recorded 
values ranged from 38.37-69.48%, while for muffins the values varied 
between 41.35-74.91%. 
Sensory Analysis 
The mean scores of sensory attributes ranged between 7.30 and 6.1 for 
the tested samples, fig. 3. 
 
 
Figure 3. Overall acceptability of the obtained wheat-bitter melon powder bread 
samples 
 
Evaluating the effect of the of bitter melon powder, on the bread, it is 
observed that the highest value was recorded for bread made with 1.5 and 
2% BMP while the lowest value was for bread made with 3% BMP. When 
the bitter melon powder was added in dark wheat flour it modified the 
sensory attributes like taste and mouth feel of the product. Also, there was a 
decreasing trend for aroma and taste, probably due to bitter melon powder 
flavour. The sensory evaluation indicated that the sample fortified with 2% 
BMP had the highest acceptability score. However, considering the high 
nutritional value and health benefit, one can conclude that bread 







Bitter melon powder could be incorporated up to a 3% level in the 
formulation of bread without affecting its overall quality. This study 
demonstrated that it is possible to use bitter melon powder to partially 
substitute dark wheat flour in the elaboration of bread. From present results, 
it could be noticed that the addition of bitter melon powder to wheat flour 
improved the mineral content, but and protein and fat content of the bread. 
Also, higher values were obtained for the total polyphenol content and 
antioxidant activity for bread supplemented with 3% bitter melon powder. 
The overall acceptability of the BMP enriched bread was performed by 
sensorial analysis, revealing good organoleptic attributes for the samples up 
to 2.5% BMP. Supplementation with 2.5% bitter melon powder could be 
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